Trace metal (Cu, Zn, Pb, Cr and Cd) concentrations of three subfractions of organic matter from Lake Mariut sediments, Egypt by Okbah, M.A. et al.
Pakistan Journal of Marine Sciences, Vol.6(1&2), 13-25, 1997. 
TRACE METAL (Cu, Zn, Pb, Or and Cd) CONCENTRATIONS OF 
THREE SUBFRACTIONS OF ORGANIC MATTER FROM LAKE 
MARIUT SEDIMENTS, EGYPT 
M.A. Okbah, A.A.M. Kaloosh, M.S. El-Deek and H.A. El-Attar 
National Institute of Oceanography and Fisheries (MAO, MSE); Department of Soil and 
Water Science, Faculty of Agriculture, University of Alexandria, 
Egypt (AAMK; H.A.E). 
ABSTRACT: Trace elements associated with organic subfractions (humic, fulvic, and non-humic substances) 
were identified for seven core sediments from Lake Mariut, Egypt. Results indicated that the amounts of trace 
metals in humic acid and non-humic substances decreased in the following order: Zn > Cu > Pb > Cr > Cd, 
while in fulvic acid the order the order was Cu > Zn > Pb > Cr> Cd. There is a higher contribution of Zn, Pb, 
Cu and Cr in humic acid compared to fulvic acid in most samples. Slight changes in the amounts of cadmium 
bounded with humic and fulvic acids was also found. 
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INTRODUCTION 
Lake Mariut is situated north of the Nile Delta (Fig. 1). The bottom deposits of this 
lake sediments are very important for fish production. The organic matter content 
depends on many factors such as water temperature, sediment type, biological activities, 
and the amount and quality of organic inputs. Saad (1988) showed that the maximum 
value of organic matter (15.21 % ) was found in the sediments of this lake. 
Lake Mariut receives large amounts of organic matter from sewage and industrial 
wastes, which results.in severe pollution. The high organic content of the lake water was 
expected to be similar to the high organic values of its sediments. These deposits were 
soft and rich in water content due to the continuous supply of sewage and industrial 
wastes into the lake (El-Vfakeel, 1964; Saad, 1972b). 
Saad ( l 972a) observed a thick layer of green phytoplankton covering the lake's 
surface which subsequently caused increases in the autochthonous organic matter as well 
as the organii::; content of the lake. The calculated average values of allochthonous 
materials ranged from 1.02 to 2.36 kg/m2 (Saad, 1987). He also showed (1988) that the 
lake's eutrophication resulted from the allochthonous supply an.d autochthonous 
production of organic matter and nutrients from the decomposition of massive 
phytoplankton blooms. The allochthonous materials were deposited in variable amounts 
at various depths of the cores taken from the lake. 
Organic materials can be grouped into humic and non-humic substances. The latter 
includes those whose physical and chemical characteristics are still recognizable, such as 
carbohydn)tes, proteins, peptides, amino acids, fats, waxes and low-molecular weight 
organic acids (Greenland and Hayes, 1978). Most of these compounds are attacked 
relatively readily by microorganisms and usually have a short life span in soils and 
sediments. Humic substances are dark-coloured acidic, predominantly aromatic, 
hydrophilic, and chemically complex, having molecular weights that range from a few 
hundred to several thousand. These materials are usually partitioned into the following 
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Fig.1. Lake Mariut and the sampling locations. 
precipitated on acidification of the alkaline extract; 2) fulvic acid (FA), which is the 
humie fraction that remains in solution when the alkaline extract is the humic fraction 
that cannot be extracted from the soil or sediment by dilute base or acid (Schnitzer and 
Khan, 1972; Orlov, 1992,). 
Humic compounds are the major constituents of organic matter associated with soils, 
sedimentary deposits, and natural waters. They play an important role in geochemical 
processes, such as the. solubility, mobility, concentration and accumulation of metals. 
Because their functional groups are weak acids, their configurations offer opportunity for 
chelation. The present study focuses on the association of trace elements with organie 
subfractions, humic and non-humic substances. 
MATERIALS AND METHODS 
Extraction, Fractionation and Purification of Non-humic substances: 
The extraction procedures of humic and non-humic substances are outlined in figure 2. 
Air-dried sediment samples were extracted successively with organic solvent 
(dioxane) and water in a Soxhlet extractor in the ration of 100 gm sediment to 300 ml 
extractant (Pawelke, 1959, Kaloosh, 1984). The selected extractants (dioxane and water) 
were used successively according to their polarity. The polarity of these solvents 
increases in the following order: dioxane < water. The time of extraction was 48 hrs for 
both dioxane and water. All collected extracts were filtered through a glass-filter, 
concentrated in a rotary evaporator from 300 ml to 50 ml, and each concentrate dried at 
low temperatures, less than 40°C. The non-hurnic substances 'Nere determined 
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Fig.2. Sequential fractionation of organic constituents from Lake Mariut sediments. 
gravimetrically. The amount of non-humic substances, ash-free, were determined by 
ignition of the dry substances at 7500C for 4 hrs. 
Extraction, Fractionaiion and Purification of humic substances: 
After successive extraction of non-humic. substances with dioxane and water, the 
sediment samples were air dried. The dried samples (75 gm) was decalcified by allowing 
it to stand in a 250 ml beaker containing 150 ml O.lN HCl for 24 hrs at room temperature 
with occasional shaking. The supernatant solution was then separated by centrifugation 
(8000 rpm for 15 minutes). The residue was thoroughly washed with deionized distilled 
water to pH 5. After decalcification, 150 ml of 0.1 M Na4P207 were. a9ded to the 
sample and the air in the flask was displaced with nitrogen gas. After shaking for 24 
hours at room temperature on a mechanical shaker, the supernatant was removed with 
centrifugation. The extraction with Na4P207 was repeated twiee and the supernatants 
were collected tog't~ther. The sediment residue was treated with 150 ml O.lM NaOH. The 
air in the flask was displaced by nitrogen gas and the suspension was shaken for 24 hrs at 
16 Pakistan Journal of Marine Sciences, Vol.6(1&2), 1997 
room temperature using a mechanical shaker. Extraction with NaOH was repeated twice, 
the supernatant removed and collected together. The humic substances, extracted with 
Na4P207 and NaOH solutions, were fractionated by acidification of the collected 
supernatants to a pH of 2 with 6N HCl. The soluble fraction was removed by 
centrifugation. The precipitate is the humic acid fraction (acid insoluble), while the acid 
soluble fraction is the fulvic acid. Both lfumic acids and fulvic acids extracted by 
Na4P2o7 as well a's NaOH were purified separately, by dialyzing with distilled water 
until the test for c1- in the distilled water outside the bags was negative. Dialysis time 
ranged from 5 to 6 days. The purified humic acids were dried in a desicator. Purified 
humic and fulvic acids were evaporated in an oven at less than 40"C. The amounts of 
dried humic and fulvic acids were determined gravimetrically and reported as mg ash-
free per 100 gm dry sediment and as a percentage of total organic matter. 
RESULTS AND DISCUSSION 
Total amounts of humic and nonmhumic substances in core samples of Lake 
Mariut sediments: 
Table 1 presents the amounts of organic matter and subfragtions in core sediments of 
Lake Mariut. There is a marked enrichment of the surficial se-diment with organic matter 
(12.2 and 289 mg/g). The quantities of total humic substances extracted from the 
sediment samp1es varied between 6.52 and 43.7 mg/g sediment (core 2; 0-110 cm depth 
and core 17; 100-140 cm depth). These cores ponded to 19.87-15.09% of the total 
organic matter, respectively. The highest concentration of humic substances was found in 
the surface of all cores. The higher amounts of humic substances contents of cores 2,4 
and 5 could be attributed to their high contents of organic matter (289, 163.9 and 214 
mg/g, respectively). The results show that the percentages of fulvic acid reached to 2.43 
and 21.84% of the total organic matter. The HA account for about 8.02-28.17% and 
19.68-46.91 % of the organic matter in the surficial sediments and deeper layer deposits, 
respectively. Also, th{) results revealed that the percentage of HA or FA i.ncreased in the 
deeper layers for all cores.except core 17 showed a general reverse trend. The latter core 
represents the relatively unpolluted sites in which percentage of HA or FA decreases 
with depth similar trends were observed in the examined core san:iples of Lake. Mariut 
sediments (cores 2,4,5,7,18 and 20). This could be due to the migration of fulvic .and 
humic acids from surface to deeper depths as a result of the alkaline reac;tion of the 
sediment. The lower percentage of total humic substances in the deep layer of core 17 
might be due to the effect of high content of soluble salts which could limit the activity 
of microorganisms and inhibit the humification process,the macromorphology studies of 
the sediments showed medium spots of white salts. 
The highest amount of NHS in the surface layer of the examined core samples were 
67.24 mg/g for.core 2; 76.65 mg/g for core 5 and 29.69 mg/g for core 5. All of these 
sites represents the polluted area. On the other hand, the lowes.t amounts of NHS were 
recorded in core 20 (3.97mg/g, .S.E. basin); core 7 (13.35 mg/g S.W. basin); core 17 
(20.37 mg/g,_S.W. basin) and core 18 (22.96 mg/g Fish Farm). All of these sites 
represent reiatively less polluted area. 
Okbah et al.: Trace metal concentrations from Lake Mariut sediments 17 
DEPTH TOTAL HUMIC ACID FULVIC ACID NON-HUMIC RESID. 
(Cm) 0.M. Na4P207 Na OH Total Na4P207 NaOH Total DIOXANE H20 Total 
CORE2 ( Main Basin 
0-110 289.60 16.00 11.50 27.50 9.20 7.00 16.20 61.20 G.04 67.24 178.66 
110-130 95.30 8.78 9.98 18.76 1.33 2.93 4.26 1.40 14.40 15,80 56.48 
130-160 23.30 4.53 3.80 8.33 2.93 1.13 4,06 4.72 . 3.98 8.70 2.21 
CORE 4 ( Main Basin ) 
0-30 163.90 6.79 17.29 24.08 2.13 1.86 3.99 21.69 8.00 29.69 106.14 
30-60 13,60 2.79 2.40 5,19 1.20 0.80 2.00 1.10 1.92 3.02 J.39 
60-90 12.20 3.13 0,93 4.06 1.99 . 0.54 2.53 0.80 2.48 3.28 2.33 
CORE 5 ( Main Basin ) 
0-40 214.00 6.25 10.91 17,16 3.06 2.66 5.72 14.00 62.65 76.65 114.47 
40-70 48.60 5.59 4.66 10.25 1.50 0.53 2.03 20.21 14.19 34.40 1.92. 
70-110 18.60 3.52 2.53 6.05 1.07 0,80 1.87 5.00 4.65 9.65 1.03 
CORE 7( S.W. Basin ) 
0-30 73.90 2.53 11.04 13.57 1.13 0,53 1.66 4.50 8.85 13.35 45.32 
30-60 36.10 3.19 5.72 8.91 0.80 0.27 1.07 1.70 8.46 10.16 15.96 
60-90 18.60 3.86 1.73 5.59 1.47 0.40 1.87 1.56 8,52 10.08 1.06 
CORE 17( S.W. Basin) 
0-30 49.60 4.13 9.84 13.97 1.15 5.19 6.34 4.50 15.87 20.37 8,92 
30260 24.30 5.19. 5.27 10.46 0.67 2.19 2.86 1.90 4.28 6.18 4.80 
60-100 35.70 3.46 8.25 11.71 1.06 1.46 2.52 1.90 9.35 11.25 10.22 
100-140 32.80 2.26 2.66 4.92 1.33 0.27 1.60 1.93 7.78 9.71 16.57 
CORE 18( Fish Farin 
0-30 106.00 5.79 7.05 12.84 1.66 1.73 3.39 7.96 15.00 22.96 66.81 
30-60 30.50 4.19 3.73 7.92 1.02 1.60 2.62 0.49 9.56 10.05 9.91 
60-90 26.20 4.46 2.33 6,79 1.13 0.60 1.73 0.32 9.90 10.22 7.46 
CORE 20( S.E. Basin) 
0-30 JG.90 6.99 10.24 17.23 1.79 1.19 2.98 1.03 2.94 3.97 12.72 
30-60 31.20 3.95 6.52 10.47 1.26 2.85 4.11 1.29 9_.70 10.99 15.63 
60-90 13.60 2.86 3.52 6.38 0.88 2.09 2.97 0.86 2.ll1 3.67 0.5ll 
Table 1. Total organic matter and its sequentially extracted subfractions (mg/g) in core 
samples of Lake Mariut sediments. 
H-umic substances: 
The concentrations of Zn, Cu, Pb, Cr and Cd were determined in the humic and 
fulvic acid samples isolated from different cotes of lake sediments. The results are 
presented in tables 2,3,4,5 and 6. The concentrations of Zn, Pb, Cr, and Cd in the humic 
acid were higher compared to the fulvic acid in all samples. The levels of both Zn and 
Cd, however, were relatively higher in fulvic acid samples from 40-70, 70-100 and 0-30 
cm depth of cores 3 and 4, respectively. The concentrations of trace metals in the humic 
acid and fulvic acids tend to suggest that the metal ·contents of the humic substances are 
strongly influenced by the metal contents of the precursor organic matter. Nissenbaum 
and Swaine (1976) suggested that the metals are mostly introduced into the humates 
during their diagenetic formation in sediment by dissolution of metals from various 
mineralogical phases, and that the polymeric organic material dissolved in interstitial 
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60-90 110(0.83) 160.7(1.5) 270.7(2.33) 141.3(0.34) 72.2(2.03) 513.5(2.37) 669.6(1.51) 42.6(0.31) 712.2(1.82) 
• The fraction of each element, in percent, estimated to be associated with the total organic 
matter in sediment is shown in parentheses. 
Table 2. The zinc concnetrations (µg/g) in organic subfractions in the core samples from 
Lake Mariut sediments. 
water is an important source as a precursor of the sedimentary humates. They showed 
that the trace metals constituents of marine humic substances has the following range of 
concentrations : Cu, 600-4000 ppm; Zn, 350-4500 ppm and Pb, 40-600 ppm. The trace 
metals in the humic substances isolated from the Lake Mariut sediment were lower 
compared to their data. 
Our results revealed that the distribution of tr1:1ce metals in the lake's sediments is 
highly correlated to the point sources of polluted waters. The sites (figure 1) 2,4 and 5 
represent pollution from sewage and industrial waste waters. Sites 7, 17 and 20 are 
affected by drainage water plus irrigation water but might all be affected by air and water 
pollution from petroleum and cement industries. Site 18 is less affected by .sewage and 
industrial wastes. 
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Zinc: 
Zinc contents (Table 2) ranged from 154 to 2193 µg/g in humic acid; from 126 to 
1328 µgig in fulvic acid, and from 123 to 5682 µg/g in non-humic substances (NHS) 
extracted with dioxane and water. The data indicate significant differences in the 
amounts of Zn associated with the humic or fulvic acids between the surface and 
subsurface sediments. The highest concentration of Zn bound to humic acid was found in 
core 2 at 30-60 cm depth and the lowest in core 1 at 110-113 cm. The highest value of 
Zn bound to fluvic acid occurred in core 4 at 30-60 cm and the lowest in core 7 at 0-30 
cm. The data also showed that Zn concentrations extracted with 1-4 dioxane and water 
(NHS) decreased with increasing depth. These results are opposite to those found in the 
humic and fulvic acids where the higher zinc values bound to HA and FA were in the 
subsurface. of most samples. 
There was more zinc in HA as compared to FA in most samples (Table 2). It is 
estimated that 0.49-5.93% of t~e Zn in sediment samples is bound to HA, and 0.08-
2.37% bound to FA. The large fraction of NHS ·bound Zn· at surficial sediments at all 
locations reached 1.03 to 4.31 %; this decreased with increasing depth. 
The relative amounts of the Zn-organic fraction from the surficial sediment of Lake 
Nasser ranged between 6.35 to 15.36% with an average of 14.72% (Shata et al. 1993). 
The organic fraction of zinc in Lake Borollos sediments ranged from 2.8% to 11.6% with 
an average of 7.33% (Okbah, 1991). El-Sayed et al. (1991) showed that the contribution 
of humic substances was between 0.94 and 60.94% with an average of 14.69%. Nriagu 
and Coker (1980) found that the zinc associated with humic acids in Lake Ontario 
sediments contributed 0.18% and 0.39% of the total Zn (<5% of the Zn was associated 
with the organic matter in the sediments). 
Lead: 
Lead concentrations (Table 3) ranged from 107 to 851 µg/g in humic acid (HA); 
from 28 to 582 µgig in fulvic acid (FA) and 50 to 2443 µgig in XNHS) fractions. There 
were variations in the lead concentrations from one site to another, and in core. The 
highest concentration of Pb-HA was in core 5 and 30-60 ctn depth and the lowest was 
found in core 4 at 0-30 cm. The results in the most samples, indicate that the Pb-HA 
fraction increased compared to the Pb-FA fraction. The largest value of Pb-FA was in 
core 5 at 1OO-l40cm depth with the lowest present at 60-100 cm. 
The most striking feature is the relative higher contributions of both HA and NHS 
fractions compared to FA (Table 3). Lead in the HA fraction a range from 0.44 to 4.07% 
of the total. The highest value ( 4.07%) was recorded in core 2 at 0-30 cm depth which is 
characterized by high organic matter (163, 9 mg/g), a considerable amount of carbonate 
(20% ), and silty clay, favouring absorption processes. The lowest value (0.44%) .was 
found in core 5 at 100-140 cm depth. The FA-Pb and NHS-Pb fractions ranged from 0.03 
to 0.80% and 0.25 to 4.77%, respectively. Generally trace metals from anthropogenic 
sources are concentrated in the smaller size fractions of sediments, often the silt-day 
fractions (Forstner and Wittmann, 1979; Hornung et al., 1989). According to the results 
obtained by Zhang et al. (1988), the contribution of organic fraction range from 4.48 to 
18.39% of total Pb in the Huanghe River sediments (China). 
20 Pakistan Journal of Marine Sciences, Vol.6(1 &2), 1997 
DEPTH Pb- HUMIC.ACID· Pb· FULVIC ACID Pb· NON-HUMIC 
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110.uo 6M(0.9l) l7,9(M7) I07J(l.49) 41,Q\O.Gil) 37.9(0.17) 711.9(0.l.'I) 69.!l(O.rn) 61.l(l.llj ·VU1(1.41l) 
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(,().\1() 111 1(0.2\l) ~.\7.2(1.l"l 460(1.47) 'l.Ol!(OOl) 441.1(009) 61.1(0.11) 178.<(0. I 4) 47.J(O ll) 22.H(O.U.} 
Table 3., The lead concentrations (ug/g) in organic subfractions in the core samples from 
Lake Mariut sediments. 
Copper: 
The copper contents in the organic subfractions (Table 4) ranged from 172 .to 1090 
µg/g bound to HA; from 116 to 1238 µg/g to FA and from 20 to 2838 µgig in the NHS 
fraction. The concentration of copper complexed by organic subfractions in the core 
samples varied with depth. The highest content of Cu-HA occurred in the surficial 
samples of cores 2,5 and 20 and in the subsurface samples of cores 4,7,17 and 18. The 
Cu-FA was relatively higher in cores 4,5,7 and 18 in compared to the Cu-HA fraction for 
the same cores. The opposite was found in cores 2,17 and 20. 
There was more copper in the HA as compared to FA in ~11 samples (Table 7). The 
percentage of Cu-HA varied from 1 % in core 4 at 60-90 cm and to 5.08% in core 17 at 0-
30 cm. It is estimated that 0.31-1.57% of the copper was bound to the FA fraction. 
Callendar and Bowser (1980) suggested that copper is mainly transported to the 
sediment surface in association with a biogenic carrier. Chester et al (198~) reported that 
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DEPTH Cu· HUMIC ACID Cu· FULVIC ACID Cu- NON-HUMIC 
IC ml N~4P~-o7-- ~~o-H--~ :~~ -~~ ~~~~2~~]N~oH ___ -T:~·- -___ :1ox-~~~ ~-~o ----- ~:·' 
0-110 -~= ~ojT~4) - 6~J2~~;- ~~~ .. 0_~_1'f2~!~:!~Jasti~_:a3~!.ii-s.11~5iL~~~~i1.641-- ~0_1?._oa.·i. · . -;4=c.4:~!!-·!2_i · -
110.130 . s4_.~~!.!:!~L 111._3GJ1:5_~1-~o_s:o12._~!- ~'!:_S~\o·~~L ~~s_10.2~L !!~.:_~!!!:_2). ~~-o~!~·~-~l . 38.2_410.~J__ 2e3a{G.D9) 
130·1·6.~o_:_~ ~o~~!~~~= ~-=·~2<!:!~-- :!~~~2~1.93). ~-·=(?:~1~. !_31.2Sj~2•J_ ~~._s110:_~~! 302._14(3.!_2l 15.79(0.1~L_ ~9!.93(J~23-j_ -_ 
~:~ .. o~- ·-:-~ i3oJ?~~i~ 6i:~~:3_SJ- ~~~1~1!ffi:.~!~.!,lls~~Eio::·, ~~~~~-~-2~; ~2~.iBT~-~s~- 4.ss10.02~·1: 1:~~.~310.si; ... 
JO-GO __ - 380 I~:~~,-~ 2_~2._BS(~·.l'.8.l ~22._8511-_~~)_ .!_:1..fl_~SJ_o.1i:L ~o_e.33\?:39)_ ~~!.:_~~!.~_;~~)- "-~~-4i?:~ji 9:2610..o:!L . -i22.91o:i_8_L_ -
· so-~_o___ __ 1_~·_!J~~-- s2s._~._~L. &84.~~!!~ _4_1:_1_1_10.08J ~~2_..s10._~l__ soa._~_110.ss1 m.~~._111 ~~._~1~-_o-~1 . 15_o{_o:!5!_ 
... ·· .. ----· · · --------- · coFiE_s_ rlVi~inB-~slnl -·---·- · · -- -- - --· · --- · I ---· · 
0.40 -: _ 221i:s7i<i:_~~- 13o(0.12L_-_ _:~a~s711~ilii1-~a.19(0:14) 92.s(o.13i --- 101.ss{o.2-i) :i.io.'(2.41 12.5o{o.39J 3s3.412.1s1 
40-70 75 J~.:_G) 105.2Glo.G_9) 100.2s11.:is) fOB~J3(023) cso(o:49J 7sa.a3(o:r2) 65 (1.es)-.. 5.72(0: 1""2)- - 70.7211.9B) ___ . 
10-110 14__5.~(~~~-1~ 120~5_4~- ~!6~4~--~~ 3~1~:~~~- :5~{o_:_;~~~~~ 57_5 .. (0~i.~C ~-;:33~._:~ 1 __ -120910.111 __ 4-s.4210.421 __ 1 
CORE 7 (S.W.Basin) - ·--·- ·-·-· . ·-
~:~o -.. · .. · ~~:::i~~~:;~- :,~~~;:~;::= ~~))~~:~1~~~!1~]~~ ~J_~~f~~: ~·'.~~_;;~::: ~~~~oi~X?'- :~-~~o~f 4>_ ~~:;~~~~?)-
60-90 .. JsoJ~.:_~~l .. 211:4_:i10.1a1 s21.~-3~ ... o~L 101:~~50.2~ 7.so{o-,491_ __ es1.92f~·~l ~~~ 11.o~L__ 3~:os10.40J __ 45_9.~s{1.s1 1 
.. · · ---- ·- -- coRe 11' .. is-.w.s~5i.lil · ·-·---· · ·· · ·· · · · ·-· 
o:~o 1~1!-.s11 __ 100_~:~--: J7o~:~Li1ii~:~i~ ~1.1~-:<0.s~ ii~.~iE:E.!i ~2:s:s6~~~~1_1io.6oi. 141.2-lii.&:i1 
~~~o ---· ~Q_J~.001__ !~._SI(1.27J_t1_~-~2.15l_ 210(0.2_&), ___ _'.11.25J..0:13)_ 241.2St~3.91_ !71.6510.62! 11.7~(~:0.9..L: 192:~2l~:?ii 
&0-100 _ -·- 2so_{1.!_5! ___ !_81:0{2:G!_ ~J.1.~{4-3.~l ~~:~5{0~ 7-~~~(0·~!l_ 2.~~-9(0._~~!_ ~_1_~-·~ll.t0.7_2!_ 6_.!J'_J0.12) ~2_D~~_G(D._94} 
100-1ao 2??_~_2.!... 12_s to.:_~~!.. 325~.:.".~L ... 10_2~10.4~). 1s_<~'!.!1 .... , 2_s1:~__5_!_0_:!L ~·&_?(0.02)_ ~3.0410:1_~!. ~~-711_0.1:"! ... 
. ··---·-· -· COR-E-1a1·;:·i·Sh-Bas·in) . ·-·~ ·--- ···-·- -··-. ...... ...... ··-· ··--· 
o.Jo ---- iGs(1.34j~ 1.~~.66:-iif ~!9.'17(2~8~~-1~_1{0-:1_4!~. ~1~01~:&~--13~~1:s1'co.74)- ,;-9_-4410.i1)· 3.as10.09) ·--,73.2s10.es1- --
30-Go 190 _(~:_44) 145 J°-·97) 335(2.411_ _ 216.67(0_.4) 307.69(0.eo) s24.3s11.2aj· 111:1110.111 :io 10."34J 1J1 :1-110.45) I 
&0-90 __ ... '.212.s11._~5J __ 1_26,92('!_:5_41_ _::-~~~~(2:~ ~3~:io:_1~~- 1~~~~i:·~L-~:s.:Ja(~:3iJ !_8~~j3(ii.111. 1__s!~o.,~,- , !_9-s_.__1210.•1 
0-30 
30-60 
60.90 
CORE 20 (S.E.Basin) 
)os~:~~a~!. ;·;a. .. ~~1-.:~014iii:o~\~~~,:~21.'~~~i~l:'._1;·,1:67Xo~~> 1&3.1io::ni 1iii0i1.G1i-- Ga.1-~i~.27i- 121a{1.oa1 
--J 1Jo_ 11 _.os1 __ 1 ss 1~.011 .. 2~_~{3.121 1 ss.11 {0.49) 111.36(0.G&) 2sr:o1i1.1· 5). soo12:3ai'-.. 88.46(1.'e)- 9_ea_._4614; 18) 
__ ~-~:~3~o,&4L.._ 2_~~·?112_.2.sL~.!:~~12._01:_ ~~1:5~~-:29,1.~_250"(~::~.~L.:_ ::-~~:.:i_s> -~7-i57{o.__3_4J ~1~0_2:1~:2.o! . 210.3~(~·~4J. 
• The fraction of each element, in percent, estimated to be associated with the total organic 
matter in sediment is shown in parentheses. 
Table 4. The copper concentrations (µg/g) in organic subfractions in the core samples 
from Lake Mariut sediments. 
50% of the total Cu in the surface water particulates is held in organic association ·and 
deposited at the sediment surface. Shata et al (1993) found that the organic matter-Cu 
fraction contributed between 2.72 and 26.8% with a mean value of 8.39% at Lake 
Nasser. The organic-Cu fraction in the surficial sediment of Lake Borolos ranged 
between 3.44 and 10.4% with mean value of of 6.57% (Okbah, 1991). Niriagu and Coker 
(1980) showed that the HA isolated from Lake Ontario sediments contained higher 
concentrations of copper than the FA isolated from the same site. They reported that 10-
20% of the copper is bound to the humic acids. According to the results obtained by El-
Sayed et al. (1991), the relative concentration of Cu in humic substances in the bulk 
sediments of Lake Edku were between 2.03% and 43.04% with ~mean value of 12.11 %. 
Chromium: 
Chromium (Table 5) ranged from 103 to 391 µg/g in HA; from 36 to 477 µg/g in the 
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DEPTH Cr- HUMIC ACID Cr- FULVIC ACID Cr- NON·HUMIC 
(Cm) Na4P207 Na OH Total f\la4P207 f\laOH Totnl DIOXANE H20 Tot-;,t-l-·"--_c...--t------1·----1-----+---.......,1------+-----+------ .. ______ -----
0-1 Ill 1115(1.H~) l.IB(t.61) lSO(J.4S) 10.R(O.I?) 51.1(0.l7) 71.9(11.S6) 19.lfl(1.1')J ll,111((1>.117> JO.IJ(l.l<i) 
lllJ.l.lO (11,:"(1.0,) l lJ.Ci(2.ll'i) 176.t(J.H) JH.H(O.IO) )6.9(U,21) 75.7(11.Jl) SI. lll(ll.1 S) IK.411(0.SJ) 7U.S(O.<.H) 
1JO.L<i0 I07.l(O .HH) H6.S(O.S9) UJ.?(1.47). 1H.4(<1.1S) SU(0.12) 87(0.17) 17.90(11.IS) 19.711(0.14) J?.t.(0.29) 
c:o.Rm'!i:fMai1l:i!)mm, t '.·;·:....,.._ ........ +"'··----·=··· .......... "' ...."-'-.·I----- -·----.. ________ ·-·--
(I.Jo /4.l.H(l.2JI %4.S(l.ll) _1_7H_.J_(l._.J_0--+_19_1._4_(_<1.~IJ 411.2(0.<191 lJ~.6(0,6) --~g.41/(<f.ZH) • 19.VIJ(O.l<J) JO.J(<i.4H) 
~'.'-"--1---'-1r._,1_.5..:.(0_.J-'4)_+_1_11_S.--'4('-0._J7-'-)-f--J<o_o7._9('-o_.7_1 -+-11_1.R.c.(o_.0_2)'--j/--7-l._9('-0-.114-'-)-l--?J_. 7-'-(0_.1_>6), _ _21.711(11.01) ... 11.611(0.~- ~;~±!_ 
__ Go_._90_-t--_10_4.::(0.17) SJ.6(0.04) 157.H(O.Jl) 1H.1(0.0JJ __ 140.6(0.06) 158.7(0.0?) J UO(U.Ol~--1--1_1._so_co_.o_J_) -t--"-•·_H(._O _._oS..;_) _ 
o . .tn 116._l(O,Jl) SJ.1(0.25) tfo9.l(0,5G) l0 .. 1(0.0J) 44,(o(O.OS) r.o.9(0.0H) lH.40(U.l 7) 15.611(0.41) 
1~6.J(0.47) 39.S(OM) l9S.tt(0.51o) 78.l(O.bl) IOU(O.ll4) J 1.Jl~!U4) tl.So~l.09) 4l.H(ll.H) 
71J.l10 r.tt.1(11.12) 91.7(0.217) 109.9(0.43) 46.9{0.05) 115(0.09) 171.9(0.14) 26. IO(O.OS) I l.90(11.0S) 39(0.17) 
G:QJ!!<:?( HNli)J1uin'f .. , .............................. , ........... , .. ~.,,....-. .. ; ........................ . ·.... ;·. ·;·.::.:::·:::: 
----.·--
-· 
_,___ ___ 
------- ---·--
!].JI) '79.<i(0.4?) ll.H(0.61) IOJ.4(1.tlH) JJ.l({l.09) 109.4(U, I)) 141.5(0.21) l7(o.111(1.HJ) IJ.40(0.27) rn•.5(1. lflJ 
·-·-J0.(1U l•I. 7(1.12) 16.l(O.J4) J 17.9(1.46) 7.ft(U.01) 46R.H(!l.l9) 476.(,(0 .. 11) . _17.111(11.117). JH.HIJ(02~L J5.?(U.4JJ 
till.')U HJ.J(l.16) lS(ll.16) IOR.J(l.ll) lU(fl.15) IRU(0.!7) 116 .. 1(0.42) .. ~~~~~L . 11.411(0.J~~L - !'o.~1.:.~!....... 
----- -
G6R&:17f-..$.;.WH1in~ht 1i'.\'' ·;_ :li • .... --: .... ..:'.::' 
·----
,____ 
0-JO l(Hl(O.H(J Hl.J(l.ST IB!.J(l.JUJ (<l.J(d.11'1) Zl.9(U.H) 7J.l(fl.19) JJ.JO(U.1?) U.SO(O.J?) 45.H(0.6Hf 
,\l).ritl 1111..J(l.41) 62.S(ll.N4) IGK.H(l.U) S<l(ll.ll9) J•.1(11.22) N9.1(0.JI) 1.911(0.051 7.40(0.0H) 17-.l(D.IJ) 
6!l·IOl1 tllll(0.64) 119.J(l.Hl) 119.J(l.46) 21.6(0.04) 4'.4(0.U) <.6(1l.I~) 16.Ht~ll.051 7.JO(O.IJ) J4.t(fl.12J 
lOU·l411 44.6((1.21) H7.(<(0.5U) 1Jl.l(0.7l) ll.l(O.lll•) Jn?.S(0.11) 1(19.6(0.11) 15.110(0.l!J) lY.1111(0.Jll 44(11Al) 
CQ.~~lll(:m~ii:~F,~~~i) .;~~;-~::·.··:~::::~:;:\;t ::::: 
o.Jo J4J.H(4 .. 6) 46.9(0.74) J90. 7(5.20) 15.G{O.tui) JG.5(tl.U) 15.l(O.lll) l0.4U(U. l 9) ll(0.4) 11.4(0.59) 
.}t).60 81.J(0.76) 87.5(0.73) IG6.H(1.49) 11.5(0.01) 4H.1(0.IH) GO.G(ll.11) 20.ttll(O.Ql) "----~ ~.G(O.J~\) J6.•(0,J5) 
f,Q.90 16U(l.09) 14(0.16) tHH. l(l.15) 24(0.08) 48.G(0.06) 11.6(11.16) ZD.<18(0,Ul) IG.S(ll.47) J6.SH(ll.49) 
---
:¢pR:tt:~o(S.(l<;}lfa'~ii(~} Et.':. 
().JI) IJl..1(1.i~) 17.J(.H) 14H.G(l.4H) 11.J(O.OS) 21.9(0.04) 45.1(11.119) 11S.llO(ll.l7) 17.1(11.117) 141.1(11.14) 
.10.r.o 6H.H(0.6G) 5fi.J(O.H9) 115.1(1.55) H.9(0.0ll lfo.9(0.19) l5.8(11.ll) l7.511(0.I!) 19.2(11.45) 56.7(0.57) 
61).91) 71>.H(0.59) 71.4(11.74) 141.l(l.Jl) lH.1(0.09) 5!.6(0.34) HJ.7(11.4J) 17.911(0.05) 14.l(0.12) Jl.1(0.17) 
* The fraction of each element, in percent, estimated tO be associated with the to,tal organic 
matter in sediment is shown in parentheses. 
Table 5. The chromium concentrations (ug/g) in organic subfractions in the core samples 
from Lake Mariut sediments. 
FA and from 17 to 190 µg/g in the NHS fractions. The HA-Cr decreased in core 7 (0-30 
cm depth) and increased at core 18 (0-30 cm depth). The highest concentration of Cr-FA 
was found in core 7 at 30-60 cm and the lowest in -core 20 at 30-60 cm. Cr-HA was 
relatively higher than Cr-FA (Table 7). Exception was found in cores 7 and 4 (at 0-30 cm 
depth) where the highest chromium values were present in the FA-fraction. The highest 
value of chromium bound to (NHS) was found in core 7 at 0-30 cm depth . 
. There was relatively higher contribution of chromium in HA compared to FA in all 
samples (Table 5). It is estimated tha~ 0.31-5.2% of the chromium in the sediments was 
bound to the HA; 0.04-0.60% to the FA, but 0.04-2. 1 % to the NHS fraction. Zhang et al. 
(1988) showed that the organic fraction contribution ranged from 3.28 to 14.33% of total 
chromium. The relative amounts of Cr in the organic subfractions in cores 2 and 18 
ranged betwe~n 1 and 6% of total Cr. 
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DEPTH Cd· HUMIC ACID Cd- FULVIC ACID Cd- NON-HU MIC 
ICml Na4P207 NoOH Total Na4P207 NaOH Total OIOXANE H20 Total 
, / I 
•~.oni;~·••f M~ihii'.fa$Jff•l '.f f~~\ifiI\~;~ 
0-110 10.7(2,511 8.310.931 Z51J.441 4.210.361 6.910.471 11.110.631 Z.1(1.21) 5.210.291 7.3 11.51 
110~130 4.6(0.341 3.9(0.341 9.4(0.681 O.GI0.011 2.9(0.001 3.5(0.091 6.910.111 3.7(0461 10.6 10.621 
130·160 11.9(0.40) 6.410.241 19.3(0.721 3.8(0.0BI 2.6(0.031 6.410.111 4.610.171 5.610.181 10.0 10.361 
C::dll~4fM~i6$il~iMiV ....... ·-:·:~····· ... ::::::·:;:;.;:::·::::·::: ·••·•·•·"··--·· ........................ ·. 
0-30 10.4(1.071 2.711.521 13.112.591 1.310.041 4.510.12) 5.810.161 2.310.761 2.0(0.351 5.1(1.111 
30·60 0.00 14.910.42) 14.910.421 4 .0(0.051 \0.410.0BI 14.410.131 5.710.071 3.910.081 9.610.161 
6Q.QQ 0.00 3.0(0.111 3.010.11) l.8(0.0GI 0.00 2.B {0.061 13.0(0.10) 3.1(0.081 18.110.18) 
.. 
0-40 8.9 10.471 3.1(0.241 12.010.711 1.7(0.041 J, 1(0.071 4.BI0.111 J.8(0.441 5.2(2.711 9.0IJ.151 
40·70 6.3(0.371 5.6(0.281 11.CI0.651 10.4(0, 151 15.6(0.08) 26.0(0,231 4.210.781 6.0(0.031 10.2 11.61) 
70·110 7.610.32) 2.B(0.11) 10.410.431 7.BI0.09) 13,910.121 21.7(0.211 5.210.271 5.010.241 10.2 I0.511 
coa~tzt.• $~Wi blll!1ftfitrn••••;u •"·" 
0-30 5.7(0.211 2.110.211 7.810.421 6.1(0.071 15.610.091 21.710.161 28.4(1.351 7.510.71 35.9(2.051 
30-60 27 .8(0.691 1.5(0.001 29.310.771 2.610.021 20.810.041 23.4(0.061 1.9(0 .031 5.210.341 7.110.371 
60-90 6.9(0.421 17.9(0.421 24.810:841 5.6(0.121 20.8(0.121 26.4(0.241 5.2(0.111 4.710.561 9.910.671 
·consat1.m~.';W¥b.!i:$lfr\1:: :; •n:J 9;:7 ·:•s"'.t 
0-30 10.410.331 6.310.491 \6.710.821 2.6(0.031 1.110.051 3.7(0.061 0.910.031 3.0(0.391 3.910.421 
30·60 10.4(0.371 3,0(0,15) 13.4(0.521 8.310.041 3.810,001 11.810.101 6.6(0.091 3.7(0.121 10.310.211 
60-100 12,5(0.4G) 9.510.731 22.011.191 1.6(0.021 2.410.031 4.010.051 7.4(0.131 2.1(0.181 9.510.31) 
100-140 8.910.131 4.210.071 13.1(0.21 2.5(0.021 o.oo 2.510.021 4.2(0,051 3.610,191 7.810.241 
-
·coaEh1iil}~lstil':'~flli)FA\l ••••n•••••··>·:::•< 
0·30 o.oo 1.710.131 1.7(0.131 1.1610.03) 1.710.04) 2.8610.071 4.6(0.491 4.0(0.781 0.&11.271 
30-60 6.3(0.381 6.3(0.251 12.6(0.631 4.1710.05) 8.010.161 12.17(0.121 6.910.041 3.1(0.301 10.0(0.421 
60-90 15.6(0,7) 3.2(0,101 18.0(0.81 1.6(0.02) 6.9(0.041 B.U(0,061 10.410.031 3.3(0.0331 13.7(0.361 
CQRE'i~O( s~~Ha.~~fr()i Wt:&i~tt:i i/L :r:t 
0-30 4.210.321 2.210.211. 6.4(0.63) 4.510.09) 1.410.02) 5.9(0.111 10.410.11) 5,7(0.181 16.1(0,291 
30·60 4.210.21 0.310.491 8.310,691 6.0(0.081 2.410.07) D.410.151 12.510.161 8.0(0.781 ~~~ 
G0·90 6.GI0.871 6.0(0.18) 11.611.051 J.110.021 o.oo J.1(0.021 11.9(0,021 2.8(0.091 14.7(0.16) 
Table 6. The cadmium concentratinos (ug/g) in orgamc subtractions in the in core 
samples from Lake Mariut sediments. 
Cadmium: 
The cadmium concentration (Table 6) ranged from 2 to 29 µg/g in HA; from 3 to 26 
µg/g in FA; and from 4 to 36 µg/g in NHS. There were slight differences in the amounts 
bounded with HA and FA. The highest Cd-HA was in core 7 at 30-60 cm depth and the 
lowest in core 18 at 0-30 cm depth. The highest Cd-FA value occurred in core 7 at 60-
90cm depth and the lowest in core 
0
17 at 100-140 cm. The highest value of Cd-NHS 
(36µg/g ) was recorded in core 7 at 0-30 cm and the lowest value ( 4 µg/g ) in core 17 at 
0-30 cm. 
Generally, a higher contribution of cadmium in HA compared to FA was found in all 
samples (Table 6). It is estimated that 0. 11-3.44% of the total cadmium is bound to the 
HA; from 0.02 to 0.83% to the FA, and from 0. 15-3. 15% to the NHS fraction. Nriagu 
and Coker (1980) showed that the percentage of Cd-HA ranged from 0.17% to 0.53% of 
the total cadmium (less than 5% of the Cd was associated with the organic matter in the 
sediments). 
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Cu Zn Pb Cr Cd 
range 172-1090 154-2193 107-RSI 103-391 2-29 
Humic acid mean Jl)9 807 372 192 14 
S.D. ± 223 ± 563 ± 196 ± 46 ± (i 
n 22 22 22 22 22 
range 116-1238 126-1328 28-582 36-477 3-26 
Fulvic acid mean 476 453 J 95 122 II 
S.D. ::!.: :ll9 :I: 294 :1: L'i5 ± 98 + 8 
11 22 22 22 22 22 
range 20-2838 l 23-56R2 50-2443 17-190 4-36 
Non-Humic mean 390 994 301 51 12 
substances S.D. ± 620 :i: 1193 ± 501 ±8 :!: 7 
n 22 22 22 22 22 
-
Table 7. Abundance, range (ug/g) and standard deviation (S.D.) in three subfractions of 
organic matter from Lake Mariut sediments. 
There was a higher contribution of Cd in organic subfractions of core 2 at 0-10 cm 
depth, 1 to 6% of the total Cd. 
SUMMARY 
Table (7) shows that the trace metals in humic acid and non-humic substance 
decreased in the following order: Zn > Cu > Pb > Cr > Cd while in fulvic acid the order 
was Cu > Zn > Pb > Cr > Cd. 
Metal complexation with the organic fraction of Nile sediments followed the order: 
Cu >Cr>Zn>Pb, in the slightly polluted sediments and Cu>Pb>Cr>Zn>Cd in the polluted 
sediments (Elsokkary, 1992). According to the results obtained by Martin et al(l987), 
only 4±2% of all the elements were found in the organic plus sulphide fraction from 
major French rivers (Rhone, Loire and Garanne). Metals complexed with organic matter 
in sediments of Lake Ontario showed the preference: Cu>Cr>Pb>Zn. (Nriagu and Coker, 
1980). 
Core 1 data showed that· the highest amount of trace metals was associated with 
humic and fulvic acids in the surface layer 0-110 cm depth. This may be due to the 
influence of physico-chemical processes and changes in the redox potential, usually in 
conjunction with a decrease in oxygen (complete depletion of oxygen occurred in core 
1). A high amount of dissolved organic matter was found in the water of Lake Mariut 
(74.3mg/L of core 1) (Okbah, 1995). Dissolved organic matter is precursor of the 
humates and its ability to chelate or ·absorb trace metals makes it an ideal carrier of 
metals. 
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